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Coatings cohesion strength determn. - by bending even number of identical 
samples with coplanar coating - base interfaces and symmetrical bases on 
both sides 

Abstract (Basic) : SU 714221 A 

Increased accuracy of determining coatings cohesion strength is 
attained by subjecting the even number of samples simultaneously to 
bending moments- The identical samples with coating (5-8) on bases 
(1-4) are bolted in test machine in such a manner that coating base 
interface is coplanar (0-0) and bases arranged symmetrically on both 
sides of the plane making total cross section on both sides identical. 
The samples are then subjected to pure bending moments. 

The arrangement ensures neutral bending plane coincidence with 
coating base interface, thus practically avoiding stress forces 
affecting the cohesion strength. 
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. .ft366peTeHHe 0THOCHTCH K KChblTfliHHHM , 

MarepHaJioB, b hbcthocth k cnbcp6aM onpe- 

flejieHHfl KOre3HOHHOft npOHHOCTH noKpiJTHft. ■ 

Hak6ojiee 6jto3KHM no raxHiriecKOfi. 
cyiaHocTH h nocTHTa^MOMy peaynbTaTy k • $ 
K3o6peTenrao Hfinaetca cnoco6 onpeflejiemia 

lp0re3H0HH6ft BpOHHOCTH nOKpbJTHft, SaKJOO— 

; 'aaiqmiiflcfl b tom, to o6pa3Uri B bha© *'• 

OCHOBbJ C^BaHfeCeHHblM HB RG6 TXOKpiaJTKeM^ 

3aKpennsnoT b 3a&HMax HcnbrraTentBoro ^ tQ 
ycrpoficTBa, Harpy>Kai6T H3rp6oM, $mc*-r 
pyk>T MOMeHt nbflBneHHfl TpemHR B noKpbf- 
riwx k cynsrr o npoTOocfrH noKpwTHfl no 
BenHTOHe hx aetJopMauHft p.] . 

HeflOCTaTKOM K3BecTHoro cnocoCa hb-v 15 
a^ercji ero hh3KBh TOWOCTb, nocKonbKy Ha 
npouecc 3apowaeHHa Tpemra BnnsieT reKy* 
necTb ueranna ochobm rpaBHne' paaN> 
pena noRpbiTKe-ocHOBa.. 

U&th H3o6peTeHiw - noBwuiRHHe to*» . 20 
HdCTK cnocofia. 

.yKasaHHaa uenb apcTHracTCH tcm, hto 
ofl ho Bp e Me kho noflBepraioT H3rH0y HeTHoe 

KOJIHHeCTBO OnHHBKOBbJX 06PB3H0B, pa3M6- 
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UieHHblX TBKHM p6pa30M, TTO nOBepXHOCTH 

pasaena BOKpbrrKe-KKtfdBa Bcex o6pa3UDB 
jiencaT b oahoS* nnocKocTB, npBHer* ochobw 06- 
. pa3U0B pacnonaraioT no pa3Hwe cTopoftw or 
aTOft nnocKOCTH . tbk, hTo cyMMapnue 
miomaAH hx ceneRHfl no. o6e eropoBbi nnoc- 

KOCTH OBHHaKDBbf. 

Ha 4>ht. 1 H3o6paxceHa cxeKta Harpy- 
aceHHH p6pa3UOB; "Ha. $kv. 2 - pa3pe3 A-A 
<j«r. 1; na (Jjht. 3 - pa3pe3 B-B *ht. 1. 

ripefljtOHCfHHbift cnocp6 ocymecTBJWieTCH 
cneAywmHM o6pa36M. 

0^3a3UbI B BHAB OCBOB 1-4 (o6pa3- 
HOB M05KGT 6bITb JBo6oe TOTHOe KOnHHeCTBO) 

c HaHeceHHbiM na hhx B pa6oHeil qacTH 
noKptJTHBM 5-8 3aKpennjnoT b 3B)khmAx 
;9 B 10 c rHeanaMH ahh" ycTaHOBKB oS- 

PB3U0B TBKHM 06pa30M, TOO n0B6pXK0CTH 

pa3flejia noKpuTHe-ocHoea bcbx o6pa3UOB 
ne>KaT b bflHOft nnoc kocth 00 , npnneM 
jx:hobm o6pa3HOB pacnonaraioT no pa3Hbie 
cTopoBb! aroft nnocKocTk .tok, t tto cyM- 
MapHbie nnomaAK hx ccneiiHtt no 06c cto- 
pbubi mioc kocth OflHHakoBM, T.e. cyMMap- 
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• ii/JH n/iouioflb ccHCiiHfl oc:»on I if 2"pnoiia 

CyMMapHOfi HllOUKlflH CeTCHHfi OCROB 3 M 4 

Hnrpy»coHHe o6pa anoa no cxeMe incroro 
H3rB6a npoBbflHT, paoMeiuaa anciAu'B h 
10 na AByx onopHbix npnaMax"ll h 12 
h nepefla.Bafl Harpy3Ky nepea HaaofMHbie 
npH3Mw 13 h 14. Oopaauw saHCHMaioTCfl 
b JHe3Aax aajKHMOB 66nTaMH 15, c uenbio 
HcwiioHeHHH hx oceBMX nepeMeiueHHii. 
npe/vioTKeRHkifi cnoco6 no3BOJiHer npjj 
..* 5nt : , T?? B ™ 1 ofiecwrartb coBnaaeHHe Heft-' 
.,55™^*.?*^ HarHjSa-c iwiocKocTbto 
pagflejia flo^biTHe-ocHoBa, nooTOMy Mare- . 
pHan ochobw 3 iui6cKocTir pa3flena npaKTH— 
necKH He HarpyaceH yi ero fle^opMaimn He 
BJiwopT h6 Kore3HOHHyso 'npoHHocTb' noxpw- 
THft, KOTopan' MoaceT 6biTb onpeflejieHa c 

BbJCOKOfi TOnHOCTbrd. 
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HTO oCphWM B UUAi! OCHOBbl C KAII'^IIIIUM 

Ha »eo noKpbiriioM cwKpon/ifHOT n aa)KHh4?.ix 
HcnbrraTonwioro ycTpoftcTBa, narpyxcaioT 

H3rw60M, (fHKCHpyiOT MOMeHT nOHBneHHH 
Tpeuimi B'no'KpblTHHX K cynflT O npOHHOCTf! 

HoicpbiTHfi no B'enHHHHe hx ne<{jopii£aiiHft f 

O T JI H H a >0 HI H ft C fl Tevt, HTO, C 

Hejibto noBbimeHHfl tohhoctk onpeaejieHHs, 
oflHoBpeweHHO noABepraK>T H3rp6y HexHoe 

KOJIHHeCTBO OflHHaKDBHX 06pa3UOB, pa3M©- 
meHHWX TdRHM o6pa30M, HTO ITOBepXHOCTH 

paanejia noi^bitlKSK?cHOBa acex oopaauoB 
Jiewar b bono*! .rtnoc^cTH, npHHEM ochobw 
oopaaaoB pacnonarak>T to pa3Hwe cropoHw 
ot aToil iijiocKocTH Tax, hto cyMMapnwe 
nnomaflH hx ceneHHft-no o6e cxopoHw 
tuiockocth' oflimaKDBbi. 
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Apparatus for Fatigue Testing 

We, The De Havilland Aircraft Com- 
pany Limited, a British Company, of Stag 
Lane, Edgware, Middlesex, and Richard 
Norman Had win and John Robert Pol- 
5 lard, both British Subjects and both of 
the Company's address, do hereby 
declare the nature of this Invention to 
be as follows: — 
The invention is concerned with a 

10 device for fatigue testing specimens or 
test pieces by causing the specimen first 
to vibrate at its fundamental natural 
frequency, the specimen being then main- 
tained in a state of vibration throughout 

15 the test. Such a device capable of pick- 
ing up vibrations from the specimen or 
test piece is operatively associated with 
the spe cim en and is connected through 
the medium of an amplifier with an 

20 electro-magnetic exciter which in turn 
acts on the specimen to maintain the 
latter in a permanent state of vibration 
until the test is completed. Such a device 
for picking up vibrations from the spec- 

25 imen may comprise an electric pick-up 
such as, for example, a crystal, electrical 
strain gauge, microphone, photo-electric 
cell or electro-dynamic device, which is 
capable of either generating electric cur- 

30 rent impulses proportional to the vibra- 
tions of the specimens or is capable of 
passing current impulses proportional to 
such vibrations to the amplifier. 
It has been found in the course of 

35 experiment that it is necessary to elim- 
inate reaction at the point of mounting 
of such specimens or test pieces, and 
according to the present invention two 
such identical or substantially identical 

40 specimens are mounted side by side and 
vibrated by means of a common electro- 
magnetic exciter, the specimens being so 
mounted that the fixing moments are 
opposite in sign and substantially 

45 equal in magnitude. This arrangement 
enables the employment of a very much 
smaller and lighter test rig than would 
otherwise be necessary as the reaction 
transmitted to the supporting frame is 

30 extremely small. 



Specimens or Test Pieces 

The apparatus employed for carrying 
the invention into effect includes a test 
rig, including a supporting frame on 
which the two identical or substantially 
identical specimens are clamped at one 55 
end. The two specimens are disposed 
in fairly close proximity and have their 
free ends fitted with magnetic tips. 
Adjacent the tips of the specimens is 
mounted an electro-magnetic exciter 60 
which may, for example, comprise an 
electro-magnetic system employing stan- 
dard E and I transformer laminations. 
The action of the electro-magnetic 
exciter is to pull the tips of the speci- 65 
mens outwards from the centre line of 
the test rig simultaneously as the mag- 
netic flux in the electro-magnetic system 
increases and releases the tips towards 
each other as the strength of the mag- 70 
netic flux decreases. An electric pick-up 
such as has been hereinbefore referred 
to is associated with each specimen and 
the pick-ups are connected with the 
electro-magnetic exciter through the 75 
medium of a suitable electric amplifier. 
In this way on the test pieces being 
initially vibrated, for example by hand, 
so that they commence to vibrate at 
their natural frequency, current im- 80 
pulses will pass through the electric 
pick-up in proportion to the vibrations 
and these current impulses will be am- 
plified by the electric amplifier and 
finally passed through the windings of 85 
the electro-magnetic exciter. In this 
way the system can be made to be self- 
driven at the fundamental natural fre- 
quency of the specimens under test and 
this natural frequency can be main- 90 
tained at a high level, thus shortening 
the time required for a fatigue test 

The electric amplifier or maintaining 
amplifier preferably consists of a steady 
degenerative preamplifier, a phase-shift 95 
network, which is used to vary the phase 
of the regenerated signal to the value 
required to make the whole system 
regenerative and self -driving, a limiting 
amplifier which chops the signal to a 100 
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fixed intensity producing a square wave, 
a filter network which passes only the 
fundamental component of the square 
wave, and an outlet amplifier for fixed 
5 amplification which drives a power 
amplifier. 

As hereinbefore stated, the limiting 
amplifier is of considerable importance 
as it limits the regeneration to a fixed 

10 pre-set amplitude. 

It will be appreciated that if the pick- 
up which may, for example, be a linear 
vibration pick-up of the electro-mag- 
netic or piezo-crystal type, an acoustic 

15 pick-up, for example, a microphone, or 
alternatively a photo-electric cell is 
placed in proximity to the specimen so 
that a signal is induced corresponding 
in amplitude and frequency to the vib- 

20 ration of each specimen. This signal can 
be fed through the medium of the am- 
plifier hereinbefore referred to to the 
coils of the electro-magnetic regenera- 
tive system, which renders the fatigue 

25 test unit self -driving. This arrangement 
eliminates the need for a separate oscil- 
lator and constant readjustment as 
fatigue occurs in the specimens and 



their natural frequency falls. It is found 
necessary sometimes to adjust the spec- 30 
linens slightly in length in order to 
balance them in natural frequency and 
to ensure that they vibrate at the re- 
quired amplitudes. 

With the root reactions approximately 35 
equal and opposite it can be assumed 
with a fair degree of accuracy that no 
movement is taking place at the roots 
and thus the stresses in the specimens 
can be calculated from measurement of 40 
the deflected form when vibrated. 

Such a method and apparatus as 
hereinbefore described may be used for 
fatigue testing many different forms of 
specimens or test pieces, for example, 45 
specimens or parts of propeller blades, or 
for testing the efficiency of various forms 
of bonded joints such as, for example, 
synthetic resin bonded metal to wood 
structures. *50 

Dated this 20th day of June, 1946. 
For the Applicants: 

P. J. CLEVELAND AND COMPANY, 
Chartered Patent Agents, 
29, Southampton Buildings, 
Chancery Lane, London, W.C.2. 



COMPLETE SPECIFICATION. 



Apparatus for Fatigue Testing 
We, The De Havilland Aircraft Com- 
pany Limited, a British Company, of Stag 
Lane, Edgware, Middlesex, and Richard 
Norman Had win and John Robert Pol- 

55 lard, both British Subjects and both of 
the Company's address, do hereby 
declare the nature of this invention and 
in what manner the same is to be per- 
formed, to be particularly described and 

60 ascertained in and by the following 
statement: — 

This invention relates to fatigue 
testing of specimen pieces of material 
and in particular to an improved appar- 

65 atus for conducting the test with greater 
accuracy than has heretofore been poss- 
ible. 

It is usual when fatigue testing a 
specimen piece of material to main- 

70 tain it in oscillation of large amplitude 
at one of its natural frequencies and to 
note any fall in the natural frequency 
as fatigue occurs. Such oscillations are 
normally maintained by means of an 

75 electric pickup device which feeds an 
amplifier with electrical oscillations in 
accordance with the vibrations of the 
specimen, the output of the amplifier 
being fed to an electromagnetic exciter 

80 which acts on the specimen to maintain 
it in oscillation. 

In such a construction, however, the 
method of mounting the specimen is 



Specimens or Test Pieces 
such that a large amount of the vibra- 
tion energy is communicated to and dis- 85 
persed in the mounting of the specimen, 
making it necessary to employ a large 
amplifier and a large mounting for the 
specimen. 

It is the main object of the present 90 
invention to provide a smaller appara- 
tus for fatigue testing than heretofore. 

In accordance with the invention two 
substantially identical specimens of the 
material under test are mounted side by 95 
side and vibrated so that the vibrations 
are in opposite phase and the fixing 
moments of the specimens are opposite 
in direction but equal in magnitude. 

It is preferred, in order to ensure that 100 
the two specimens vibrate with equal 
amplitude, that a single electromagnetic 
exciter should be used. 

In order that the invention may be 
clearly understood, one embodiment will 105 
now be described with reference to the 
accompanying drawings, in which: — 

Figure 1 is a plan view of the electro- 
magnetic exciter and specimen mount- 
ings; and no 

Figure 2 is a schematic diagram of the 
whole apparatus. 

Referring more particularly to Figure 
1, the electromagnetic exciter is indi- 
cated generally at 4, the specimen 115 
mounting at 5 and the electrical pick-up 
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device at 6, these being mounted on a 
base board 7. The exciter 4 is built up 
of standard E transformer laminations 
8 t the centre limb of the E being disposed 

5 closely adjacent the tips of the speci- 
mens. Two sets of I transformer lamina- 
tions 9 are arranged one at the tip of 
each of the outer limbs so that each 
may attract one of the specimen Hps. 

10 The laminations are held in position by 
normal lamination clamps which also 
support them on the base board. On the 
centre limb of the E laminations there 
are two coils 10, one of which is coupled 

15 to the amplifier output and the other 
connected to a source of direct current 
to .polarise the exciter. 

The specimens 11 and 12 are in the 
form of strips having enlarged ends 13 

20 and 14 adapted to fit into the clamp 16 
attached to the base. A magnetic tip 17 
is attached to each specimen strip for 
the purpose of driving the strips. The 
electrical pick-up device 6 may be any 

25 vibration-sensitive device, for example 
a crystal, an electrical strain gauge, a 
microphone, a photo-electric cell or any 
other device which is capable of con- 
trolling or generating an electric cur- 

30 rent in proportion to the frequency of 
vibration of the specimens. 

Referring more particularly to Figure 
2, the electrical signal produced by 
device 6 passes directly to a degenerative 

35 amplifier indicated at A, whose function 
is to amplify the signal with the mini- 
mum of phase and harmonic distortion 
and the minimum of variation due to 
changes in valve characteristics or 

40 supply voltages. The amplified signal 
passes on from amplifier A to phase 
corrector B, which is a device for con- 
trolling the phase change of the 
amplified signal delivered to the exciter 

45 so that regeneration will occur. The 
signal passes from phase corrector B to 
amplitude limiter C, the operation of 
which is described with more detail in 
co-pending application No. 27930/48 

50 (Serial No. 627543). The limited signal 
passes on to filter D for elimination of 
undesirable harmonics and from there 
to power amplifier E. The output from 
the power amplifier passes to a coil 10 

55 of the exciter, a condenser P correcting 
the power factor so that the coil 10 is 
in fact tuned to the vibration frequency. 

When in operation, the tips 17 of the 
strips are attracted towards the tips of 

60 the laminations 9 which are most closely 
adjacent by reason of the magnetisation 
produced by the polarising current pass- 
ing through one of the coils 10. The out- 
put current passing through the other 

65 coil 10 varies this intensity of magnet- 



isation at the natural frequency of the 
strips, thus maintaining their vibration. 
Provision of the polarising magnetising 
force avoids the possibility of frequency 
doubling taking place as a result of 70 
similar attractive forces being applied to 
the specimens by flow of current in the 
exciting coil in one direction or the 
other. Providing this precaution is taken 
the specimens will vibrate at their fun- 75 
damental frequency since at that fre- 
quency damping is least. If a mode of 
vibration other than the fundamental is 
required, it is merely necessary to replace 
filter D by a filter tuned to the frequency 80 
of the particular mode of vibration by 
suitably positioning the pickup device 
and by such means to induce stresses of 
the required frequency. The moments 
exerted by one strip on the clamp 5 by 85 
reason of magnetic forces and changes 
in momentum are equal in magnitude 
but opposite in direction to those pro- 
duced by the other strip. For the pur- 
pose of this specification, the moments 90 
required to secure the end of the strip 
in the clamp is termed the "fixing 
moment". It will be appreciated that 
the fixing moments of the two strips 
neutralise one another in the clamp 5 95 
and thus substantially no vibration is 
transmitted to the base board, and as a 
consequence very little energy is wasted. 

The pick-up device 6 may be any 
arrangement which will control or gen- 100 
erate an electric current at the frequency 
of vibration of the specimens; it may in 
fact be a contact breaker driven by the 
specimens. Such apparatus is particu- 
larly adapted for testing types of welded 105 
or synthetic resin bonded joints in metal 
to wood structures. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is no 
to be performed, we declare that what 
we claim is:— 

1. A fatigue testing apparatus where- 
in two substantially identical specimens 

of the material under test are mounted u$ 
side by side in a single mounting and 
vibrated in opposite phase so that the 
fixing moments of the specimens are 
opposite in direction but equal in mag- 
nitude. 120 

2. A fatigue testing apparatus as 
claimed in Claim 1, wherein a single 
exciter is employed to vibrate the two 
specimens. 

3. A fatigue testing apparatus as 125 
claimed in Claim 2, wherein the exciter 
comprises a set of E-shaped transformer 
laminations having the exciting coil 
wound on the centre limb of the E and 
two further sets of I-shaped laminations, 130 
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one disposed perpendicularly at the end 
of each of the outer limbs of the E, the 
whole being disposed so that the ends of 
the I-shaped laminations nearer the 
centre each act to attract magnetically 
one of the specimen tips. 

4. A fatigue testing apparatus as 
claimed in Claim 3, wherein the speci- 
mens have magnetic tips. 

5. A fatigue testing apparatus as 
claimed in Claim 3, wherein a second 
winding on the middle limb of the E- 
shaped laminations serves to polarise the 
core magnetically. 



6. A fatigue testing apparatus as 
claimed in Claim 3, wherein the core is 
polarised by means of a permanent mag- 
net. 

7. Apparatus for mounting specimens 
in a fatigue testing apparatus substan- 
tially as described with reference to the 
accompanying drawings. 

Dated this 20th day of June, 1947. 

For th e Applicants: 
P. J, CLEVELAND AND COMPANY, 
Chartered Patent Agents, 
29, Southampton Buildings, Chancery 
Lane, London, W.C.2. 



SLJS* ^ies^s Stationery Office by Charles Birchall & Sons. Ltd, LiverpooL-1949. 
Code 39-219 Published at the Patent Office, 25, Southampton BuU^igs, LondonTw^C 2 
from which copies, price 2s. Od. each (inland) 2s. Id. (abroaJH^ be obtained. 



15 



20 



627301 COMPLETE SPECIFICATION 



SHEET I 




9 >. 



9 9/ * 




o o co: 




Li 



21 
L 




a/) I \e 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



